The prefrontal cortex has been implicated in schizophrenia (SZ) and affective disorders by gene expression studies. Owing to reciprocal connectivity, the thalamic nuclei and their cortical fields act as functional units. Altered thalamic gene expression would be expected to occur in association with cortical dysfunction. We screened the expression of the entire human genome of neurons harvested by laser-capture microdissection (LCM) from the thalamic primary relay to dorsolateral prefrontal cortex in three psychiatric disease states as compared with controls. Microarray analysis of gene expression showed the largest number of dysregulated genes was in SZ, followed by major depression (MD) and bipolar mood bipolar (BP) (1152, 385 and 288, respectively). Significantly, IGF1-mTOR-, AKT-, RAS-, VEGF-, Wnt-and immune-related signaling, eIF2-and proteasome-related genes were unique to SZ. Vitamin D receptor and calcium signaling pathway were unique to BP. AKAP95 pathway and pantothenate and CoA biosynthesis were unique to MD. There are significant differences among the three psychiatric disorders in MDNp cells. These findings offer new insights into the transcriptional dysregulation in the thalamus of SZ/BP/MD subjects.
INTRODUCTION
The thalamus, a subcortical brain region, is of interest in psychiatric disorders because its component nuclei provide links for multiple functional circuits that convey information to and from most regions of the cerebral cortex, including cortical regions implicated in schizophrenia (SZ) and affective disorders. 1, 2 As pathology in a particular brain region may induce both structural and functional abnormalities in its fields of projection, 3 thalamic pathology might be expected to accompany disorders, including SZ, that involve cortical anomalies. Structural and functional abnormalities have previously been described in multiple cortical regions in SZ, in particular, the prefrontal cortex. 4, 5 Abnormalities in the thalamic regions with reciprocal prefrontal connections have been described in SZ by studies that used a variety of post-mortem and in vivo anatomical and functional techniques, [6] [7] [8] [9] although there have been some failures of replication. [10] [11] [12] Thalamic subregions in living subjects with SZ have been shown to have decreased relative glucose utilization and blood oxygen level-dependent responses, suggesting that there is less relative neuronal activation in the mediodorsal nucleus (MDN) in SZ. 4, 8, [13] [14] [15] [16] Dysregulation of glutamatergic neurotransmission has been thought to be involved in the molecular neuropathogenesis of SZ. 17, 18 Reduced glutamatergic activity in projections from the thalamus to dorsolateral prefrontal cortex (DLPFC) may, perhaps, affect the activity of cortical g-aminobutyric acid (GABA) neurons in SZ. 19 High-throughput gene expression studies offer another avenue for probing the thalamus for abnormalities related to psychiatric disorders. To date, relatively few studies have used rigorously quantitative methods to examine the thalamic gene expression in mental illness 20 and none have used whole human genome screening. To screen the neuronal contribution to this circuit, we used microarray technology to screen full transcriptome expression of neurons accumulatively harvested from the parvocellular division of the MDN (MDNp) by laser-capture microdissection (LCM). We chose this thalamic subregion because of its extensive reciprocal connections with DLPFC, a cortical region responsible for working memory. The material for this study was provided by the Stanley Medical Research Institute (SMRI) and included equal numbers of specimens from subjects with SZ, bipolar mood disorder (BP), major depression (MD) and normal control (NC). Thus, it was possible not only to assess the abnormalities of thalamic MDNp gene expression in SZ, but also to determine whether those abnormalities were shared by other psychiatric disorders. In addition, it allowed us to see whether each disorder has a unique signature of gene expression abnormalities in the MDNp.
MATERIALS AND METHODS
Frozen post-mortem brain tissue was donated by the SMRI brain collection courtesy of Drs Michael B Knable, E Fuller Torrey, Maree J Webster, Serge Weis and Robert H Yolken, using approved protocols for tissue collection and informed consent. 21 All brain specimens were screened by SMRI to exclude neuropathological abnormalities. The cohorts (n¼15 each, SZ/BP/MD/NC) were diagnosed according to DSM-IV criteria, and matched by age, sex, race, post-mortem interval (PMI), pH and side of the brain affected (Table 1) . Coded specimens were provided to ensure that all studies were blinded. Samples were processed in random order throughout the course of study in order to minimize any systematic bias arising from sample preparation. The blind was retained until the full data set was received by SMRI.
Template and tissue preparation for LCM
A representative slide through the MDNp at the level of the dissections was selected for each subject, fixed with alcohol, stained with thionin and coverslipped ( Figure 1) . A sheet of clear acetate was then placed over the slide and the boundaries of the MDNp were traced onto it by one of the investigators (EK and reviewed by William Byne) with a fine-point marking pen while being viewed with a binocular dissecting microscope with zoom magnification ranging from Â6.3 to 40. The acetate template was then available to be placed underneath the adjacent uncoverslipped slides and aligned with the outer contours of the histological section to accurately delineate the region from which neurons were to be harvested using LCM. Colored sharpie markers were used to delineate the MDNp on the undersurface of the glass slide after fixation. Our subparcellation of the MDN follows that of Popken et al., 9 with Figure 1 Coronal thionin stained 14-mm thick cryostat section illustrating the region from which cells were harvested from the parvocellular region of the mediodorsal nucleus (MDNp; oval indicated by solid line). All dissections were made from sections at the rostrocaudal level at which the anterior ventral (AV), but not the anterior medial portion of the anterior principal nucleus was present. 24 for the purposes of the identification of transcriptional changes in thalamic neural circuits 25 and to profile thalamic subregion gene expression in primates. 26 RNA isolation, target preparation and microarray hybridization Total RNAs were isolated using RNeasy Micro Kit (Qiagen, Hilden, Germany) following the manufacturer's instruction. Purified RNA (1 ng) was subjected to quality evaluation by the Agilent BioAnalyzer pico RNA assay (Agilent Technologies, Palo Alto, CA, USA). We visually examined the electropherograms of all RNA samples, and those which showed two peaks of 18S and 28S ribosomal RNA (rRNA) were retained and subjected to amplification and GeneChip assay (Affymetrix, Santa Clara, CA, USA) regardless of the degree of degradation. Qualified RNAs were processed immediately to avoid damage to this small quantity of RNA during storage. Two cycles of linear amplification of the poly (A)-tailed RNA portion was required to yield a suitable quantity of antisense RNA (aRNA) for GeneChip gene expression profiling. The major length of the products from the second round of RNA amplification ranged between 1000 and 1500 nucleotides assayed by the BioAnalyzer. In all, 10 ng of qualified total RNA was reverse transcribed using T7-poly(dT) primer and further converted into double-stranded cDNA using a Two-cycle cDNA synthesis kit (Affymetrix). The cDNA was then used as a template for an in vitro transcription reaction at 37 1C for 16 h (Megascript kit, Ambion, Austin, TX, USA). The resulting amplified aRNA was column purified (Sample cleanup module, Affymetrix). The quantity and purity of the aRNA after the first cycle was determined by the Nano spectrophotometer ND-1000 (NanoDrop, Wilmington, DE, USA). A total of 300 ng of aRNA were used as the template for the second cycle of amplification. The aRNA was first primed with random heximer for reverse transcription. T7-poly(dT) primer was then used for the second-strand cDNA synthesis to yield a double-stranded cDNA template for subsequent in vitro transcription with biotin-labeled UTP at 37 1C for 16 h to yield biotin-labeled aRNA for hybridization (IVT labeling kit, Affymetrix). The aRNA was purified using the RNeasy minikit (Qiagen) and quality controlled by electrophoresis gel image and a spectrophotometric reading. In all, 15 mg of the labeled aRNA were chemically fragmented and made into a hybridization cocktail, which was then hybridized to Human Genome U133 Plus 2.0 Arrays (Affymetrix), comprised of over 47 000 transcripts and variants covering 38 500 of the best-characterized human genes, according to the Affymetrix GeneChip protocol. The array images were generated through a high-resolution GeneChip Scanner 3000 7G (Affymetrix). Spike-in controls and percentage of present call generated based on MAS 5.0 within the GeneChip Operating Software were used for data quality control.
Microarray data mining and analyses
The samples were divided into nonpsychiatric control vs each disease (SZ vs NC; BP vs NC; MD vs NC) statistical groups for the disease candidate gene list. From the initial 60 (n¼15, each group), a total of 49 GeneChip data were generated initially. To identify potential data outliers, 49 arrays were normalized together at probe level using GeneChip Robust multi-array algorithms, 27 followed by normalization to the median of all arrays, and then presented by a box plot covering the center 50 percentage of the data and distribution of data points 43 s.d. away from the median from each array across 49 samples (Supplementary Figure 1) . Four subjects showing the most different global data distribution (that is, 45, 29, 39 and 55) were removed from the data set. Interestingly, all four outlier subjects had brain pH of o6.0. As brain pH has been suggested to have the most profound effects on post-mortem brain mRNA expression levels compared with other variables, including PMI, tissue storage time, gender, age, 28, 29 our analysis centered on a total of 43 subjects (11 from SZ, 10 from BP, 10 from MD and 12 from NC) following additional removal of 2 subjects with pH o6.0. In addition, Welch's test (unpaired, unequal variance) was performed against four factors: (i) pH (pH 6.0-6.2 vs pH 6.3-6.6), (ii) gender (female vs male), (iii) PMI (8-26 h vs 27-61 h), as well as (iv) state (diseased vs normal) across 43 subjects, separately. Four gene lists were generated following the selection cutoffs at uncorrected P-value o0.005 and fold change (FC) X1.5, among which gender-and PMI-specific gene lists were used for later target corrections. Gender and PMI genes are shown in Supplementary Tables 1 and 2 , respectively. Generic pH list was also shown in Supplementary Table 3 ; however, the disease-specific pH effect was corrected by two-way analysis of variance (ANOVA) as described later in the text. The effect of pH, gender and PMI are shown in Supplementary Figure 2 .
To identify genes whose expression level differed significantly from NCs, a similar normalization process was applied, except that the analysis was carried out within each disease compared with the control group. After normalization, genes were first filtered with signal criteria for inclusion of at least three arrays with X16 signal intensity across both NC and SZ disease cohort arrays. Similar normalization and filtering procedures were applied to the BP and MD cohorts separately. This cutoff criterion removed B60% of probes with the least detection reliability in each disease group from further consideration. The intensity of each probe was log base 2 transformed. Average ratio for each gene (disease/control) was calculated and used for fold-change selection. Two-way ANOVA on disease and pH was carried out for each gene without multipletesting corrections for each disease vs control group. Genes with a P-value o0.005 and average FC X1.5 were selected for each disease group (as compared with NC) using GeneSpring (Agilent). These dysregulated gene lists, with their Affymetrix ID numbers imported into EASE (Expression Analysis Systematic Explorer) in DAVID (Database for Annotation, Visualization and Integrated Discovery), were used to identify functionally significant gene classes (http://david.niaid.nih.gov/david/ease.htm). [30] [31] [32] This software uses statistical methods to map and identify functional gene categories (for example, Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG) or BioCarta), which are enriched in the significant gene list compared with their presence on the array.
Real-time PCR
A total of 33 genes showing differential expression between SZ and NC subjects, at one of the criteria: low P-value, high FC or of interest regardless of expression level, were selected for quantitative PCR (qPCR) confirmation (Table 2) .
In all, 10 ng of total RNA (the same as used on the arrays) were reverse transcribed and amplified using Ovation PCR amplification kit (NuGen, San Carlos, CA, USA), of which 2 ng of amplified cDNA were used in each real-time PCR assay. All assays were carried out in triplicate using SyBR-Green on ABI 7900HT real-time PCR machine (Applied Biosystems, Foster City, CA, USA). The primer pair sequences were designed using Primer 3 software (http:// frodo.wi.mit.edu/) and tested for efficiency, accuracy and specificity by polyacrylamide gel electrophoresis before real-time PCR assay. Target cycle threshold (C t ) number was normalized based on three reference genes, ribosomal protein S11 (RPS11), chromosome 9 open reading frame 6 (C9orf6) and chromosome 1 open reading frame 122 (C1orf122). Briefly, we first determined the median C t value of the triplicates for each RPS11, C9orf6 and C1orf122 among all subjects. The RPS11 or C1orf122 measurement for each subject was corrected by adding the difference C t between median C t of RPS11 (or C1orf122) and C9orf6. The median C t of the three reference genes was used as the final reference C t for each subject. The reference genes were checked for no differences between samples and association with disease state. The data analysis for establishing each target delta C t (DC t ) was performed in MicroSoft Excel, determining mean SZDC t -NCDC t (DDC t ) and significance testing for each target gene. A Mann-Whitney test was used to determine the significance of the qPCR data using a commercial add-on statistics module in Excel (Analyse-it Software, Leeds, UK).
Owing to the limited quantity of total RNA isolated from the LCM neurons, it was necessary to amplify the poly-A RNA before performing either the microarray or real-time PCR assays. As the end products of amplification for microarray assay and qPCR are aRNA and antisense DNA, respectively, we used different mRNA amplification methods for microarray and qPCR assays (T7-based amplification for microarray and Nugen SPIA amplification for qPCR). However, both were linear mRNA amplification methods.
RESULTS
Despite disease/control categories, 4 low brain pH outliers were identified when data from all 49 subjects were examined as a single data set in a box plot where the middle 50% (range 25th to 75th percentile) of signal intensity of all transcripts was plotted for each array. With the removal of an additional two low pH subjects, the remaining samples showed a comparable intensity distribution pattern after a global normalization (data not shown). In each analysis of disease vs NC, out of 54 675 probes on the arrays, 22 720, 22 424 and 22 347 probes (for SZ, BP and MD, respectively) passed the minimum signal intensity across 24, 23 and 23 samples SZ/BP/MD, respectively). This indicates that B40% of the genome was expressed or detectable in these MDNp neuron preparations. Further analyses included genes that were of low-expression signal intensity (at least 3 of 24) in order to include low-abundance genes and to identify potential diseasespecific suppression of gene expression. Among the retained probes, 21 836 (data not shown), the vast majority did not exhibit significant differences in the expression between any two disease groups, suggesting a similar gene expression pattern regardless of disease state.
Of the 43 samples, there were 4 variances, which we tested using Welch's test. The resulting significant gene list for each variance and their interrelationship were presented by a four-way Venn diagram (see Supplementary Figure 2 ). As expected, the primary variance in our data set was disease state (2304), followed by pH (375), gender (34) and PMI (25) . In subsequent disease-specific statistical analyses, as pH had the most significant impact, to reduce complexity, we carried out a two-way ANOVA (on disease and pH) that rendered three gene lists (SZ vs NC), (MD vs NC) and (BP vs NC). From these lists, we removed PMI-and gender-related genes.
Owing to the large number of dysregulated genes detected, to reduce the false-positive rate, we applied an arbitrary cutoff minimum bidirectional FC of 1.5 in addition to the P-value significance cutoff. Even though this cutoff may increase type II errors (false negatives), especially those with sensitive regulation control, many dysregulated genes were detected. Regardless of the FC cutoff, more genes were found to be dysregulated in SZ compared with the other diagnostic groups. A large percentage of the dysregulated genes in each of the psychiatric cohorts were downregulated. We examined the possibility that global intensity may skew toward NC samples after normalization; however, no directional bias was suggested by intensity scatter plots of each disease state vs NC (data not shown). The largest number of dysregulated transcripts was in the SZ group (1152), followed by MD (385) and BP (288) as compared with NC. Although 17 dysregulated genes were common to all disease states, many were unique to each disease state (948, 218 and 210 for SZ, MD and BP, respectively) (Figure 2. ). Despite variation in the number and specific gene identified in the three disease states, many of the Gene Ontology biological process groupings were the same in two disease states (data not shown).
Many of the genes that were decreased in each disease cohort clustered within common functional classes by both the EASE algorithm wrapped in the DAVID web analyzer. Functional clusters of genes within BioCarta or KEGG pathways that were dysregulated in each disorder are summarized in Tables 3 and 4a . Only the BioCarta rabPathway was common to both SZ and MD (Table 3a) , whereas ubiquitin-mediated proteolysis of KEGG was common to SZ/BP/MD (see Table 4b ).
There were 168, 51 and 86 significant GO terms for SZ/BP/MD, respectively (Supplementary Tables 4-6 ). Among those, 21 biological processes were common in all three diseases, which involved various functions, including post-translational protein modification and Golgi vesicle transport (Supplementary Table 7) .
A PubMed search of SZ association and linkage studies after the year 2000 identified 88 genes as being susceptible. In surveying our gene lists for each disease state for these 88 genes, 6, 1 and 1 genes (Po0.005, FCX1.5) showed transcriptional changes in SZ/BP/MD, respectively. The following genes were dysregulated in: (i) SZ: CHGB, GCLC, GLS, PANK2, PPP3CC, SLC25A12; (ii) BP: TOM1; and (iii) MD: PANK2.
Thirty-three differentially expressed genes in SZ were selected for PCR validation. This selection covers 33 genes in the categories of either showing the lowest P-value, the highest FC or of interest regardless of the expression level in both directions of regulation. Both microarray and qPCR data are summarized in Table 2 . Although we purposely selected genes in the most favorable ends for confirmation, this gene pool includes genes with FC ranging from 1.5 to 5 (median¼2.1), and P-value from 0.0048 to 0.000045 (median¼ 0.0015) at a preset arbitrary cutoff of 1.5 and 0.005, respectively. We found all genes tested by qPCR showed consistent direction of regulation as that of the microarray data, among which 29 were confirmed (Po0.05) with 2 additional ones being unspecific at a close cutoff. This result suggests that we are able to reach B88% confirmation rate of selective microarray genes by qPCR. Although the selection of genes for qPCR validation to prove the principle of this microarray screening analysis was initiated before the pH correction, nine genes are retained after the correction (Table 2) and are indicated by the superscript letter 'a' . Nonetheless, the remaining 21 genes are confirmed according to the disease P-value regardless of pH correction. Although we preferentially chose genes of higher significance and a high confirmation rate, we assume that we have generated, overall, a reasonable significant gene list for each disease state.
The 28/22/3 transcripts were upregulated (Supplementary Tables 8,  10 and 12) and 1120/261/378 transcripts were downregulated in the SZ/BP/MD cohorts, respectively. All downregulated transcripts listed in Supplementary Tables 9, 11 and 13 were above FC of 2.0.
DISCUSSION
This study surveyed the entire transcriptome of neurons from a thalamic division in post-mortem tissue from NCs and three psychiatric disorders. The largest number of transcriptional changes was detected in the SZ cohort, with the majority downregulated. These findings suggest that the genetic expression of MDNp neurons is more severely altered in SZ than in BP or MD. This is not surprising as the MDNp was chosen because it and its cortical target, DLPFC, have been implicated in SZ. We will focus the discussion on various qPCRvalidated genes for SZ ( Table 2 ) and some of the top functional pathways dysregulated (Tables 3 and 4a) .
In surveying our list of genes dysregulated in SZ against various canonical biologic networks and pathways in an effort to elucidate the Thalamic transcriptome screening TT Chu et al functional significance of the dysregulated genes, twelve functional pathways were specific to the SZ cohort. IGF1-mTOR-RAS-, AKT-, Wnt-, VEGF-and B-cell receptor signaling pathways implicate dysregulation of insulin signaling and the possibility of ongoing immuneand development-related changes. The finding of glutamate metabolism (approaching significance) may also provide support for dysregulation of transcripts involved in the availability and/or synthesis of glutamate for reuptake and neurotransmission in at least a subset of the glutamatergic thalamocortical neurons of the MDNp in SZ. Glutamate is released presynaptically and taken up by astrocytes and returned to the neuron as glutamine to make glutamate. Only glutaminase mRNA (neuronal), which converts glutamine to glutamate in neurons, not glutamine synthetase (astrocytic), was downregulated in our MDNp SZ cohort. However, decreased glutamine synthetase in the superior temporal gyrus and anterior cingulate cortex in SZ was recently reported. 33 Over 100 insulin-responsive genes have previously been reported to be altered in SZ hippocampal neurons in a direction opposing their response to insulin, and the study of these various genes in relation to IGF1 in human neuroblastoma cells have been implicated in SZ. 34, 35 These studies also show that pharmacological stimulation of muscarinic and insulin/IGF1 receptors reverse the gene expression changes in specific subsets of genes that have been dysregulated in SZ, further highlighting the importance of insulin signaling. 34 Our finding of gene-expression changes involved in the IGF1-mTOR signaling pathways is the first report, to our knowledge, in human SZ post-mortem tissues. Further consideration of the potential influence of medication on these findings or whether they are disease-related is necessary. Our present findings of IGF1-mTOR-, AKT-and Wnt-signaling dysregulation in MDNp neurons in SZ lend further support to both Akt-GSK3b-Wnt signaling and insulin signaling deficits previously reported in SZ. 36, 37 As dysregulation of glucose utilization has been shown in living subjects with SZ and decreased numbers of insulin receptors in SZ post-mortem brain have been reported, 4, 8, 13, 16, 36 dysregulation of this pathway may be involved in the molecular neuropathology of hypofunctional thalamocortical neurons in this circuit. Moreover, mTOR signaling also has a role in enhancing mitochondrial oxidative phosphorylation. 38 Of our MDNp qPCR-validated genes (Table 2) , YWHAH and YWHAZ, have been previously shown to be differentially expressed in the temporal lobe in SZ. 39 Of the qPCR-validated genes on the pHcorrected analysis (Table 2 marked with the superscript letter 'a'), DNAJB6 (DnaJ (Hsp40) homolog, subfamily B, member 6 (also known as heat shock protein J2), RAD1 (RAD1 homolog (Schizosaccharomyses pombe) (aka checkpoint control protein HRAD1) and NRXN3 (neurexin 3) will be discussed with regard to SZ.
DnaJB6, also known as mammalian relative of DnaJ (Mrj), has been shown to inhibit NFAT transcriptional activity through recruitment of histone deacetylase after heat shock stimulation. 40 RAD1 is part of a 9-1-1 complex (Ras9-Hus1-Rad1), which, in concert with chromatin, may have a role in the response of neurons to various DNA damage. 41 Neurexins are neuronal-specific cell surface proteins, which stabilize synapses, provide receptors for neuroligins, a-latrotoxins, neuroexophilins, dystroglycans and are cell adhesion molecules at excitatory and inhibitory synapses. [42] [43] [44] [45] [46] [47] Neurexins prompt postsynaptic differentiation and induce neurotransmitter receptor clustering. 45, 48 NRXN3 polymorphisms have been linked with alcohol dependence, and NRXN3 has also been associated with nicotine and opiate dependence, the wide diversity of variants, brain regions and circuits are underreported at present. [49] [50] [51] NRXN3 has not been reported in SZ to date to our knowledge. Thus, the role of NRXN3 in synaptogenesis and its interaction with neuroligins in specific neuronal circuits may potentially increase the risk for SZ. Various dysregulated dentate granule neuronal genes in SZ 35 are listed for comparison with our MDNp findings (Supplementary Table 14) . However, when samples with pH o6.0 were removed from the cohort, and high (XpH 6.3) and low (ppH 6.2) were analyzed, mRNA expression of energy metabolism markers were no longer found to be significant in our cohort. [52] [53] [54] [55] As pH has been shown to be an influential factor in post-mortem gene expression, [54] [55] [56] on removal of subjects with extremely low pH, our data also showed that energyand mitochondria-related genes were pH related.
With the likelihood of multiple genes, each having a small odds ratio (for example, single-nucleotide polymorphisms) common variances in multiple genes with small effect may manifest in a phenotype-environment interaction leading to disease susceptibility. Genetic variation leads to change of gene function, which ultimately leads to differences in translational functioning, which may have phenotypic contribution to disease state. Various genes implicated in SZ by linkage and association studies were found in each of the three Table 3a Gene names from Table 3 BioCarta terms for each category   Affymetrix InputID  Gene name  GENE_SYMBOL   1567458_S_AT  RAS-RELATED C3 BOTULINUM TOXIN SUBSTRATE 1 (RHO FAMILY, SMALL GTP BINDING PROTEIN RAC1)  RAC1  200864_S_AT  RAB11A, MEMBER RAS ONCOGENE FAMILY  RAB11A   201048_X_AT  RAB6A, MEMBER RAS ONCOGENE FAMILY  RAB6A  201143_S_AT  EUKARYOTIC TRANSLATION INITIATION cohorts. This suggests that genetic-linked disease associated genes may have a downstream transcriptional effect in one (disease-specific) or multiple (nonspecific) disease states. Although altered mRNA expression may not be the sole mechanism by which genetic variation confers disease susceptibility, 57 our data suggest that the change of function of these genes may directly contribute to disease neuropathology. Meta-analysis of linkage and positional cloning studies along with genome-wide association analysis point to predisposition to SZ through multiple genes of moderate to small effect. [58] [59] [60] The likelihood of genes of major effect being responsible for SZ has largely been rejected. 61 Rather, many genes conferring increased susceptibility is thought more realistically the case. 62 Conceptually, various susceptibility genes, in non-static combination(s), along with epigenetic components, may be acting early in development to set in motion a cascade of genetic interactions resulting in disease. From a few genes, the expression of many genes ultimately contributes to extensive dysregulation of synapses, neurotransmitters and signal transduction pathways in specific cells and regional neural circuits responsible for the multiple symptoms and behaviors associated with SZ. This MDNp transcriptome screening provides multiple genes, likely each of small effect, for consideration of the underlying molecular mechanisms involved in the neuropathogenesis of SZ. Thus, both previously identified SZ-associated and unique transcripts and functional pathways are now shown to be unique to SZ and not to either BP or MD. Screening the whole human genome of MDNp neurons supports a neuron-specific deficiency of gene expression in three psychiatric disorders. Overall, there are significant differences among psychiatric disorders, with SZ showing the largest number of transcriptional changes. Thus, the molecular dysregulation of genes specific to each disease state related to thalamocortical circuitry may reveal underlying neuropathological differences in each disorder.
Potential drug effects pose a major interpretive problem for this study. Some differences between the patient groups and NCs could reflect the fact that the majority of the subjects in the patient groups had significant histories of exposure to medications that alter neuronal function. As the histories of drug exposures differed dramatically across patient groups, it is not possible to determine whether betweenpatient group differences reflect variation in the pathophysiology of their mental illness as opposed to particular medication exposure. To answer these questions would require post-mortem samples from sufficient numbers of unmedicated subjects in each group, or from patients with different disorders who had identical drug exposures. Thus, these questions can presently be approached only through animal studies. Abbreviation: KEGG, Kyoto Encyclopedia of Genes and Genomes.
